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TEE IHVEBTIGAnOH OF lOH VELOCITY IE  ELECTRICAL PEEBREAKDOWE USIBG 
MICRORAVE DOPPLER REFLECTOMETER TBCHSigCE
CHAPTER I  
lETRODUCTIOE
One m easure th a t  has eluded resea rch e rs  I n  th e  f i e l d  o f 
p re ig n itio n  s tu d ie s  o f gas d ischarge  throughout many, years o f 
resea rch  has been th e  d i r e c t  measurement o f p o s i t iv e  io n  v e lo c ity  
in  e l e c t r i c a l  prehreahdovn. This param eter has remained unsolved, 
although thoroughly  researched  over a  p e rio d  o f many y e a rs . E arly  
v o i t  in  th e  f i e l d  o f io n iz a tio n  and breakdown vas c a r r ie d  on by 
Townsend (37) o th e r  woikers (3 0 ,3 l)«  In  honor o f Townsend's 
vozk, th i s  type, o f  d ischarge  was named th e  Townsend D ischarge.
Townsend a tte n p te d  to  measure io n  v e lo c ity  a t  low p ressu re  in  
1914 (36) ,  however, i t  was found l a t e r  th a t  h1n method was n o t 
ap p lica b le  to  io n ic  speed , a lthough h a  was. ab le , to  m easure e le c tro n  
m o b ility .
Since th e  woxk down by Townsend, th e  more rec en t woxk in  th e  
measurement o f  gas d ischarge  p ro p e r t ie s  has been by Von Eagel (3 9 ), 
by Ldeb (17) ,  Loeb and Meek (19) , R aether (16) ,  and many o thers 
(44 , 29) .  Methods o f observation  have ranged from Cloud Chamber
d e te c tio n  uaed t y  B aetner to  onclUoecofpe vsvEfoiaa reported , t y  Ton 
A g e l  end throngdi p h o to a u l t ip l ie r  d e te c to re  look ing  a t  th e  ImlnniiB 
etreem er f ro n t  need hy Loeb and by Loeb and Medi. lone , o f  th e se  has. 
been su c ce ss fb l In  m easuring th e  average v e lo c ity  o f  th e  p o s i t iv e  Io n  
f ro n t  a s  I t  approaches, th e  cathode.
under normal co n d itio n s gases show l i t t l e  c o n d u c tiv ity . The con­
d u c tiv i ty  I s  produced by th e  e x te rn a l ag en c ies ,-  such a s  e le c t r i c  f i e l d ,  
cosmic ra y s , y - ra d ia t io n s  and ra d io a c tiv e  t r a c e s  from .con ta iner .« U s . .  
Use o f  any o f  the.m any agencies ?dil(di cause l ib e r a t io n  o f  e le c tro n s  
an d /o r Ions f rc n .s u r fa c e s  o r  l i b e r a t e  e le c tro n s , from atopn and m olecules 
o f  th e  gas can.augment th e  Io n is in g  ev en ts .
Attempts to  d e riv e  a  sim ple eaqpresslcn f o r  th e  v e lo c ity  o f  lo o s 
as a  fu n c tio n  o f  th e  reduced e le c t r i c  f i e l d  have in
idilch d i f f e r  w idely  f ro n  eiqperim ental d a ta  . (-9)* -The reason. I s .  t h a t  
an io n , being  r e l a t iv e ly  slow , s ta y s  I n  th g  viM ni-hy nt gm« mniAmiiAA 
long enougpi t o  p o la r is e  them. The r e s u l t a n t  a t t r a c t iv e  fo rc e  n o t  o n ly  
sho rtens th e  mean f r e e  p a th  o f  th e  loo,^ b u t a ls o  causes, a  continuous 
exchange o f  momentum idilch app rec iab ly  reduces th e  d r i f t  v e i o c l ^ .  
Furthezm ore, th e  s iz e  o f th e  Ion  and charge t r a n s f e r  p la y  I s p o r ta n t  
ro le s ;  th e  l a t t e r  e s p e c ia l ly  idien Ions move In. t h e i r  own g as .
Die to  th e  la c k  o f  a  unique method f o r  measuring th e  Ion  v e lo c ity ,  
th e  fundamental p rocesses involved In  e l e c t r i c a l  prebreakdoun phenomena 
remain a  debatable  to p ic .  For example, under low p re s su re , th e  spark  
f la s h  has th e  fozm o f  a  wide glow ( 8) f o r  idilch th e  Townsend and Yon 
Xbgel th e o r ie s  seem to  agree q u ite  w e ll .  However, under h igh p re ssu re  
th e  f la s h  i s  narrow and in  th e  foxm o f a  luminous s tr e a k  which can n o t
be exp la load  by th e  TOHnsend o r  Ton A g e l  thearlea>  b u t l a  exp la ined  
adeqaateljr by th e  cana l o r  a t r e o w r  (8 , l 6 )  th eo ry  o f  Loeb and_Meek.
5he I n te r e a t  I n  guided w v ea  in  v e lo c ity  m eaaurm eot datea  badk 
to  th e  t i a e  o f  World Kur U .  Goon a f t e r  th e  war aea n v a r ,  th e  hi^gily 
dendoped  microwave technigaea were «ggpUed to  esqperlm en tal^ tnd lee  o f  
gaaeona d iachaigea {k2) . Expérimenta have  been, made in .id iic h  th e  
e f f e c t  o f  ic n ia e d  g aa  on th e  p ropagation  o f  low power microwave a ig n a la  
haa been meaaured by  Taxnerln. ( 38)^ She. phaae s h i f t ,  cansed by th e  
r e f r a c t iv e ,  index  .of. th e  .medium, can.be. meaaured b y  microwave in fe ro m ete r 
techn iques which haa  been done by G o ldste in  (12)^ Anderaon. (l).». Wh1tmer 
( 4 l ) ,  Wharton (f*0). Brown (3)> Bostma ( 36) ^  Buaer ( 6Xf nnd.DruasMod (7 ) .  
Hone o f  th e  techn iques used by  th e se  re se a rc h e rs  have, been a b le  to  
measure th e  v e lo c ity  o f ' th e  ions a t  o n se t. Doppl e r , r e f l e c tome te r  a s  a  
technique, f o r  measurlzig th e  io n  v e lo c ity  i n  p re ig n itio n , breakdown i s  a n  
e n t i r e ly  new u se  o f  th is ,  p a r t ic u la r  method.
The p resen t program has thus evolved, from  a  d e s ire  to . develop, an  
experim ental techn ique  n s .  w e ll a s  a  th e o r e t ic a l  d e r iv a tio n  idiich would 
enable measurement o f  th e  v e lo c ity  o f  io n s  in  e l e c t r i c a l  prebreakdown. 
Use has been made o f  th e  Doppler re f le c to sm te r  concept, i . e .  propagating  
in to  a  s ta t io n a ry  medium, p u ls in g  th e  medium during r f  b u rs t  and 
looking  a t  p ropagation  o f  th e  wavefront o f  p o s i t iv e  Io n a , lA ether toward 
o r  away from th e  e le c tro d e  through lA lch  th e  horn o f  th e  re fle c to m e te r 
i s  p o in tin g .
The experim eita l r e s u l ts  show, f o r  exanple, a t  a  c a r r i e r  frequency 
o f  33 .$$ kmc, th e  Doppler s h i f t  was 4 /46  megacycles g iv in g  a  v e lo c ity
o f  0 .3 8  X 10^ a e t e n  p e r  second. I t  i s  hoped t h a t  t h i s  s tudy  s i l l  
c o n tr ib u te  some knowledge o f  ion  speed which v o u ld  b e  T slusb le. Ixi. 
th e  study  o f  fundsBMB&tal p rocesses in  gaseous e l e c t r i c a l  breakdown.
CHAFXHl n
RIVIBr OF THE HŒVIODS «DEK âSD THE QBJBCTIVJB 
Previous ün reg tlfta tlooa  (23)
The in v e s t ig a t lo a  o f  p ro p e r tie s  o f  gaseous d e c t r l c a l .  nchsTge 
has eagperlenced a  x ^ l d  expansion In  re c e n t y e a rs , .p a r t ic u la r ly  e le c tro -  
m agnetic f i e l d  In te ra c t io n  v l th  plasm a. T echnical jo u rn a ls  I n  physics 
and e l e c t r i c a l  eng ineering  have devoted s p e c ia l  Is su e s  t o  t h i s  s u b je c t .
I n  s p i te  o f  th e  g re a t  amcont o f  vorh  b e in g  done, very  l i t t l e  e f f o r t  
has been p laced  on determ ining ion  v e lo c i t ie s  in  gaseous d isch arg e .
T yp ical o f  th e  voxh in  t h i s  f i e l d  a re  th ç  in v e s tig a tio n s  o f  Tanosend. 
(36) ,  Von Bagel (3 9 ) , Loeb (IT ) and Meek (20) lA lch  v i l l  be examined in  
d e t a i l .
The Townsend üheory (37)
Assume e le c tro n s  v i l l  be em itted  by In je c tin g  an hu to  th e  cathode 
as shown in  F ig u re  1 .
L et ÛT re p re se n t th e  number o f ion  p a ir s  p e r  m eter formed by an 
e le c tro n  moving tow ard th e  anode and dn be th e  number o f  ion  fozmed 
p e r  second in  a  s la b  a t  x  o f  u n i t  c ross se c tio n  and th ick n ess dx. Then, 
th e  number o f  new e le c tro n s  formed by n e le c tro n s  t r a v e lin g  a  d is tan c e  
dx i s
hi)
F igu re  1
dn « npQx
n « Ae%[
Initial conditions:
X = 0
A = n^
n  = n^e
i  = i* e
l . e ^
io
Qfi
Oft
n  » no
I n i  =ûfd
a . i i n i
ejqperlmental curve
d
F igure  2 F lo t  o f  d  Versus l n ( i / i o )
However, eaqperiaental d a ta  do no t ag ree  v l th  th e  derived  eqoatlona .
Tovnaend aaaumed th a t  each p o s i t iv e  io n  made p io n is in g  c o ll is io n s  
i n  advancing a  u n i t  d is ta n c e .
I f  no  i s  th e  mmber o f  n eg a tiv e  ions from th e  cathode, th en  Uoe°^ 
v i l l  reach  th e  anode. T h ere fo re , n ^ C e^  -  l )  p o s i t iv e  ions a re  produced 
in  th e  gas and move in  th e  opposite  d ir e c t io n .
I f  n  i s  th e  t o t a l  number o f  nega tive  io n s t h a t  reach  th e  anode,
then  (n  -  n^) v i l l  be th e  mmtber o f ions g en era ted  in  th e  g a s .
According t o  F igu re  1 
L et r  be  produced in  x
r '  be  produced In  (d -z ) 
n  = Uq + r  + r '
o  be  th e  number o f  io n s produced by a  n eg a tiv e  io n .
P be th e  number o f  io n s  produced by  a  p o s i t iv e  io n . (bo th  in
u n i t  a rea )
The number o f  ions d r ,  generated  between th e  two p lanes a t  d is tan c e  
X and X + dx i s
d r  = (n^  + r)d x  +g r 'd x
^  = (®o + r )  + P r '  
r '  = n  -  Uq -  r
^  =Qf (no + r )  + 3 (n  -  no -  r )
“  ( o r -  p ) ( n o  + r )  + p n  
^  -  (  or -  0 ) ( n o  + r )  - 3  n  = 0 
Using th e  in te g ra t in g  f a c to r  “ ^
6® ( *  g  -  ( » -  g )(i»o + r ) e ' (  “  -  S)x .  B ne"^ “  ■ ® )*« 0
&  e ' f ® *  (n„ + r )  - 8 e - ( “ -  @)%
Î 3 T I T + c
n .  + r  .  .  8 S _ _  + c e ( '  - C ) '
(or -  g )
vhere r  = 0 ; x = 0
ûr .  g
ttp + r Bn
or -  g ' “ o Of .  g
i* « i  X « d ; r  = n -  n^ ;  n^ + r  = n
Bn
"  -  -  * “o + - A r  =(" -
n - Bn 
or -  g _ j n
or -  g “o e
(« -B  ) d
n j ^ o r - g - g e ^  + (a  .  g ) ^ ^  -  S)d
^  U  -  S)e^^ -  P)^  
‘ -  B)d "or -  ge
o r
Ih le  equation  l e  accu ra te  In  d e te ra ln ln g  discharge, c u rre n ts  under 
c e r ta in  c o n d itio n s . These cond itions a re  th a t  th e  p re s s u re  tim es 
d is tan c e  (pd) product be a  sm all number, t h a t  th e  r a t i o  o f  a p j^ e d  
e le c t r i c  f i e l d  to  gap p ressu re  ( ^ p )  be r e la t iv e ly  sm a ll, and th e  
t o t a l  tim e f o r  th e  d ischarge t o  form and d is s ip a te  most o f  I t s  energy 
be more than  10"^ seconds. In  genera l th e  th eo ry  ho lds f o r  p d 4 ( l  cm) 
( l  atmosphere) f o r  (V p ) ^  4 l .6  and f o r  tim es no t s h o r te r  th an  th a t  
req u ired  f o r  th e  p o s i t iv e  Ions to  cross ^ e  gap idilch I s  assumed to  
be approxim ately  10"^ seconds fo r  a  one cen tim ete r gap.
The reasoning behind t h i s  l im ita t io n  o f  th e  Townsend Theory I s  
th a t  th e  f i r s t  Townsend c o e f f ic ie n t  o .  I s  based on prim ary  e le c tro n  
m u ltip lic a tio n  o n ly , and th e  second I s  based  on th e  r e le a s e  o f  secon­
dary  e le c tro n s  from th e  cathode. The second c o e f f ic ie n t ,  g ,  I s  th e  
on ly  one concerned w ith secondary e f fe c ts  and I t  has been shown th a t  
a t  l e a s t  one o th e r  secondary mechanism must tak e  p lac e  In  d ischarges 
o th e r  than  those  described  above to  account f o r  th e  tim e req u ire d  
f o r  th e  d ischarge  to  be cosipleted. For t h i s  reason one must look  fo r  
o th e r  secondary e f fe c ts  idilch w i l l  account f o r  th e  energy d is s ip a tio n  
In  th e  observed tim es In  th e se  d isch arg es.
P ie  Von Bagel Theory (39)
The Inadequate p a r t  o f  th e  Townsend equation  I s  due to  n e g le c tin g  
th e  a u x il ia ry  Io n is a tio n , I . e . ,  th e  secondary em ission from th e  cathode.
L et np be th e  number o f  prim ary e le c tro n s  em itted  p e r  u n i t  a rea  
owing to  th e  a c tio n  o f th e  e x te rn a l d r i f t  source on th e  cathode. I f  
ng I s  th e  number o f  secondary e lec tro n s  em itted  p e r  u n i t  a re a  owing to  
any o f  th e  secondary Ion iz ing  processes a t  cathode, th e n , th e  t o t a l
10
number em itted  i s
“ o  -  O p  +  Û
n » n^e
8 
«X
a&
»d “  “ o®
But n ^  o f  th e se  come d i r e c t ly  from th e  cathode; hence, th e  number 
o f  nev io n  p a ir s  g en era ted  in  th e  gas i s
“d " “ o •  -  1)
L et r  s ta n d  f o r  th e  average number o f  secondeory e le c tro n s  em itted
from th e  cathode f o r  each nev p o s i t iv e  ion  fozmed in  th e  g a s . Thus,
th e  t o t a l  number o f secondaries formed on u n i t  «urea o f  th e  cathode
p e r  second i s
n^ -  in ^  (e  -  l )
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o r
i . i
1  + r  -  r e  ^
HBxm th e  denominator becomes zero  o r ,
1  ■ r  (e  ^  -  l )
th e  breakdown b c c n rs , th e  h l ^ e r  th e  gas p re ssu re  th e  f a s t e r  th e  
c r i t e r i a  reach I n s t a b i l i ty .
I t  should be  no ted  th a t  th e  m u lt ip lic a tio n  p ro cess  i t s e l f  does 
n o t become u n s ta b le , b u t th e  r e s u l ts  o f  i t  cause i n s t a b i l i t y .  As th e  
p re s su re  o f th e  gas i s  in c re ased  th e  p rocess o f  i n s t a b i l i t y  i s  speeded 
iq», «âiich re q u ire s  a  f u r th e r  development because th e  tim es involved  
a re  l e s s  t?ian th e  tim es f o r  an ^ e c t r o a  to  c ro ss  th e  gap. The pheno­
menon o f  breakdown i s  exp la ined  in  th e  fa llow ing  manner. The e lec tro n s  
le a v e  th e  space charge reg ion  a t  a  hi(ih r a te  le a v in g  on ly  p o s i t iv e  
io n s . These p o s i t iv e  ions g ive  r i s e  t o  t h e i r  own lo c a l  f i e l d  ( r a d ia l)  
which g ives r i s e  to  f u r th e r  secondary e f f e c ts  v i th  regard: t o  ex c ite d  
atoms and n e u tr a ls .  These secondary e f f e c ts  in  th e  p resence o f  lo c a l  
f i e ld s  in  th e  space charge reg ion  th en  c o n tr ib u te  t o  th e  o v e ra ll  
e f f e c t  o f breakdown in  t h a t  th ey  siqpply th e  n ecessa ry  p a r t ic a le s  c lo se  
enough to  th e  e le c tro d e  to  account f o r  th e  sm all tim es Involved cospared 
to  th e  t r a n s i t  tim e acro ss  th e  gap. Thus, th e  breakdown o f gases in ' 
th e  p resence o f  e le c t r i c  f i e ld s  i s  seen  to  be dependent upon th e  
secondary e f f e c ts  and upon th e  space charge d is to r t io n  o f th e  f i e ld .
This d i s to r t io n  g ives r i s e  to  th e  em ission o f  a d d itio n a l secon­
dary  e f fe c ts  which account f o r  th e  apparen t decrease  in  t r a n s i t  tim e
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o f e le c tro n s  across th e  In te re le c tro d e  space. The breakdown idilch 
occurs by th i s  p rocess i s  g e n e ra lly  s e lf - s u s ta in in g  in  th a t  no a d d itio n a l 
energy i s  req u ired  to  keqp th e  p rocess going.
Once th e  breakdown has s t a r te d ,  th e  a tte n d a n t spaxk w i l l  fo llow  
th e  space charge d is to r te d  f i e l d s .  This w i l l  account f o r  th e  e r r a t ic  
p a th  taken  by  th e  sp&zk. Thus, in  breakdown th e  m u lt ip lic a tio n  and 
propagation  p rocesses t%ke p la c e  in  th e  d ire c tio n  o f th e  lo c a l  f i e l d s ,  
which prov ides th e  neeeoA«\ry e a p la ln a tio n  f o r  breakdown in  gases in  
which th e  f i e l d  to  px r^su re  r a t i o  i s  la rg e  o r  th e  p roduct pd i s  la rg e .
I f  a  p lo t  o f  th e  breakdown cy c le  i s  made, th e  e f f e c t  o f secondazy pro ­
cesses i s  c le a r ly  shown. A ty p ic a l  breakdown c h a r a c te r is t ic  i s  shown
in  F igure  3
P roduction  o f  p o s i t iv e  
io n s  and e le c tro n s  by 
normal p rocess
10
R esu lt o f  secondary p rocesses
-Ho secondary p rocesses
10
■o
10
0 .6  d  max0 .40.2
Figure  3 Breakdown C h a ra c te r is tic  in  a  Dhiform F ie ld  E
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The moat im portan t fe a tu re e  o f  th la  hreàkdown proceaa a r e ,  f l r a t ,  
th a t  tim e p e r  ae doea n o t e n te r  in  th e  p roceaa , and aecond, t h a t  th e  
prime f a c to r  la  th e  e f f e c t  o f  aecondary proceaaea auch aa atcma in  
e x c ited  a ta te a  and a c c e le ra tio n  by lo c a l  r a d ia l  f l e ld a .
I f  a  p lo t  o f  v o lta g e  aa a  fu n c tio n  o f  tim e la  made from recorded  
d a ta  on breakdofim. I t  can be aeen th a t  th e  t o t a l  tim e f o r  breakdown 
l a  approxim ately 10**  ^ aeconda. Thla p lo t  l a  ahown In  F igure  4 .
Breakdown beglnaV
-810 aec#
F igure  4 Breakdown V oltage aa a  Function  o f  Time 
The tim e reqvilred f o r  an Ion  to  t r a v e l  from th e  anode to  th e  cathode 
la  o f  th e  o rd e r o f  10"^ aeconda, a lthough no f i n a l  a d u t lo n  e x la ta  to  
th la  problem. The e a a e n tla l  p o in t ,  however, la  th a t  a t  high pzeaaure 
( l  atmoaphere) th e  proceaa la  apeeded tqp th e reb y  caualng I n a ta b lU t le a . 
Vhen th e  proceaa la  apeeded up th e  e lec tro n a  cannot lea v e  th e  cathode 
a t  a  a u f f lc le n t ly  h l ^  r a te  t o  p rov ide th e  neceaaary  c u rre n t c a r r l e r a . 
Since th la  la  th e  caae o th e r  proceaaea o f  c re a tin g  e lec tro n a  a re  necea­
aa ry . According to  Von Bagel, th e  e lec tro n a  lea v e  f l r a t ,  and th e  
p o a lt lv e  Iona l e f t  behind g iv e  r l a e  to  t h e i r  own f i e l d  which la  r a d ia l  
aa ahown in  F igu re  5*
lU
apace
chazge
F igure  $
im:m
\ r a d ia l  f i e l d  o f  p o a lt lv e  Iona
The lo c a l  f i e l d  then  d ia to r ta  th e  apace charge f le ld a  lA lch  g lvea 
r i s e  to  th e  e r r a t ic  courae o f th e  dlachaxge aa m entioned p rev lo u a ly .
The Stream er Theory (20)
As measured by White and R aether th e  d r i f t  v e lo c ity  o f  an  e le c tro n  
i s  about 1 .5  t o  2 X 10^ cm /sec., and th e  p o s i t iv e  ion  s m b ili ty  i s  o f  th e  
o rd e r o f  10"^ to  10"^ th a t  o f  e le c tro n .
As th e  e le c tro n  avalanche advances, th e  r a t e  o f  d if fu s io n  has 
been experim en tally  measured by R aether as
r  ■ 2Dt
Where t  >x/v i s  th e  tim e o f advance o f  th e  avalanche and D i s  th e  
d if fu s io n  c o e f f ic ie n t .
Assuming th a t  th e  ions a re  la rg e ly  in  a  sphere  o f  rad iu s  r ,  th en , 
th e  f i e l d  ^  due to  t h i s  space charge i s
h n q e
Trtiere
h  '^ l*TTr^
e i s  th e  e le c tro n  charge 
q i s  th e  number o f charges in  th e  sphere
q « — u r^R
3
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«here H Ifl th e  Ion  d e n s ity
.. E, m % TTXffe
Tor a  d is ta n c e  dx a t  th e  end o f  a  p a th , th e  number o f  ions r e s u l t in g  
from th e  cum ulative Io n is a tio n  I s  e°^d%. Thus
e °^dx
H -  -------    -   2—
TT x^dx n r
r  I s  th e  v a lue  o f  r  caused by  e le c tro n  d if fu s io n  In  c ro ss in g  th e  gap. 
r  - / S t
4 e « e ° ^  i f e « e “*
3/2Dfc 3/2D(x/v)
I I
idiere v  I s  th e  e le c tro n  v e lo c ity
*L
f W ¥ )
y
k  I s  th e  m o b ili ty . For example, a  loug^ c a lc u la tio n  o f  r  a s observed 
by B aether shows r  -  0.013 cm, idilch makes -  6000 v /cm ., o r
 —  - 0.20
E
I b is  I s  th e  minimum case to  have a  stream er occur and to  cause break­
down.
The breakdown c r i t e r io n  In  a unlfozm f l d .d  I s
+ In f  -  14.46 + In -  + i  In -  
P p ?  P
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F or a  gas In  lA lch  th e  p ressu re  I s  o f  th e  o rd er o f  magnitude o f 
one atm osphere and breakdown p o te n t ia l  i s  a p p lie d , a  m u lt ip lic a tio n  
process o f  e le c tro n s  ta k e s  p la c e  and i s  term ed an e le c tro n  avalanche.
The mechanics o f  t h i s  avalanche have been d escribed  ( l 6 ,  20) as m u lti­
p l ic a t io n  p rocesses i n  uniform  f i e l d s .  I f  th e  gap i s  assumed to  be 
one cen tim e te r long and 31,600  v o l ts  a re  a p p lie d , th e  r a t i o  o f ap p lied  
f i e l d  t o  gap p re ssu re  i s  4 l .6  v o l ts  p e r  nm. Big. Under th e s e  cond itions 
an e le c tro n  acq u ires  a  random d r i f t  v e lo c ity  in  th e  d ir e c t io n  o f  th e  
f i e l d  lA ich  has been measured as 1 .$  x  10^ t o  2 .7  % 10^ cm. p e r  second. 
Thus, th e  t o t a l  tim e f o r  an e le c tro n  to  c ro ss  th e  gap v i U  be approxi­
m ately 10"^ seconds. S ince p o s i t iv e  ions have m o b ili t ie s  from 10"^ to  
10"^ l e s s  th an  th o se  o f  e le c tro n s , i t  w i l l  re q u ire  some 10**  ^ seconds 
f o r  a  p o s i t iv e  ion  t o  c ro ss  th e  same gap under th e  same ambient c o n d itio n . 
For a  Townsend type  d ischarge  to  occur i t  i s  n ecessa ry  f o r  th e se  r io s itiv e  
ions t o  c ro ss  th e  gap and s t r ik e  th e  cathode idilch le a d s  t o  th e  neces­
sa ry  secondary p rocesses c h a r a c te r is t ic  o f t h i s  type  o f  breakdown.
However, i t  has been observed th a t  long b e fo re  10"^ seconds have e lap sed , 
th e  d ischarge  has occurred  and th a t  th e  t o t a l  energy to  be d is s ip a te d
has n e a r ly  been expended.
. .
In  o rd e r  to  e q i la in  th e  breakdown p ro c e ss , th e  S tream er Theory 
was p o s tu la te d . In  term s o f stream er th e o ry , as  th e  e le c tro n  avalanche 
tak es p la c e  th e  p o s i t iv e  ions l e f t  In  t h e i r  wake s e t  up a  s e r ie s  o f 
secondary p rocesses lA ich  le a d  to  th e  form ation  o f  a  h ig h ly  conducting 
medium idiich provides a  p a th  f o r  th e  discheurge c u rre n t in  th e  r e q u is i te  
tim e. F or th e  example described  above a  p o s i t iv e  s tream er forms n ear
IT
th e  anode and p ro p a ^ .te s  t o  th e  cathode g iv ing  th e  conducting p a th .
The p o s i t iv e  a tream er i s  foxaed by pho toelec trona  c re a te d  n ear th e  
Space charge channel o f  p o s i t iv e  ions l e f t  by th e  prim ary a le c tro n a .
( I t  shou ld  be n o ted  th a t  t iie  p o s i t iv e  space charge colusm i s  n o t a  
conducting medium, and th e re fo re  th e  avalanche i t s e l f  does n o t con­
s t i t u t e  a  breahdovn o f  th e  g a s .)  I f  th e  e le c tro n s  c re a te d  a re  near 
th e  anode, then  th e y  a re  i n  a  fav o rab le  p o s it io n  to  be a c c e le ra te d  
in to  th e  space charge re g io n . The e le c tro n s  frost t h i s  second type  o f  
avalanche in  th e  a p p lied  and space charge f i e ld s  combined a re  drawn 
in to  th e  space charge channel emd fprm a  conducting plasma idtich s t a r t s
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a t  th e  anode and p ropagates to  th e  cathode. In  t h i s  in s ta n c e  ano ther 
e le c tro n  avalanche i s  i n i t i a t e d  idiich leav es  p o s i t iv e  ions beh ind .
These p o s i t iv e  ions th en  extend th e  space charge reg ion  toward th e  
cathode. Thus, th e  p o s i t iv e  space charge develops toward th e  cathode 
as a  séifjp ropagating  space charge stream er.
The c r i t e r i a  f o r  th e  form ation o f  a  stream er a re  f i r s t  t h a t  an 
e le c tro n  avalanche must ^ v e  occurred lA ich leav es a  p o s i t iv e  space 
charge n e a r  th e  anode. This space charge has i t s  own r a d ia l  f i e l d  
and w i l l  cause p h o to e lec tro n s to  be a c c e le ra te d  to  i t ,  th e reb y  allow ­
ing  p ropagating  as a  p o s i t iv e  anode stream er to  th e  cathode. Secondly,
a  s u f f l c i a i t  number o f  e le c tro n s  must be  provided to  supply  th e  stream er.
»
These e le c trp n s  g e n e ra lly  e x is t  in  th e  gas n ear th e  space charge due
'  • : •
to  th e  d e n s ity  o f p h o to io n iz a tio n . This f a c to r  depends on th e  d iffu s io n  
in  th e  e le c tro n  avalanche and upon th e  abso rp tion  c o e f f ic ie n t  o f  th e  
m olecules an d /o r atoms f o r  th e  p a r t i c u la r  energy photons produced in
18
th e  avalanche.
The va lue  o f  th e  necessa ry  r a d ia l  f i e l d  a t  th e  space chazge t i p  
has been found by N eA  to  be equal to  th e  im pressed e x te rn a l  f i e l d .
He a lso  found th a t  as a  g en era l ru le  t h i s  requirem ent i s .  to o  s tr in g e n t  
and va lues o f  th e  r a d ia l  f i e l d  can be from o n e-ten th  t o  one tim es th e  
im pressed f i e l d ,  depaid ing  upon th e  p re ssu re  tim es d is ta n c e  product and 
f ie ld /p re s s u re  r a t i o  o f  th e  a rc  in  q u estio n .
I t  been hypothesized  th a t  th e  t o t a l  t # e s  invo lved  in  th e  
fozm ation o f  p o s i t iv e  anode space charge stream ers w i l l  be much f a s t e r  
than  th e  10"^ seconds p o s tu la te d  f o r  th e  i n i t i a l  e le c tro n  avalanche.
Cloud t r a c k  s tu d ie s  by  R aether show th a t  th e  v e lo c ity  o f  the . secondary 
e le c tro n s  being  drawn to  th e  space charge reg ion  i s  o f  th e  o rder o f 
1 .3  X 10® cm/sec as a g a in s t th e  2 x 10^ cm/sec v e lo c ity  o f  th e  i n i t i a l  
e le c tro n s . As th e  stream er forms and propagates tow ard th e  cathode, 
in te n se  io n iz a tio n  i s  produced neeur th e  cathode, and as a  r e s u l t  an 
in c re ase  in  e le c tro n s  from th e  cathode should  r e s u l t  due to  f i e l d  
e f f e c t .
As a  g en era l sta tem en t th e  stream er th eo ry  i s  th en  a  t lm e -f ie ld  
dqiendent e f f e c t .  I t  i s  a  tim e e f f e c t  s in c e  th e  v e lo c ity  o f  p ropagation  
o f th e  stream er i s  dependent upon th e  degree o f  io n iz a t io n , and th i s  th en  
allow s th e  estab lishm ent o f  minimum p o s i t iv e  ion  d e n s i t ie s  f o r  a  stream er 
to  be e f fe c t iv e  in  th e  gaseous breakdown. I t  i s  a  f i e l d  e f fe c t  due to  
th e  f a c t  th a t  th e  n ecessa ry  secondary e f fe c ts  a re  a r e s u l t  o f  th e  non- 
uniform f i e ld s  developed by th e  p o s i t iv e  space charge column ih  th e  gap.
Q u a n tita tiv e ly , th e  requirem ents f o r  th e  form ation  o f  a  p o s it iv e  
stream er a re  as fo llow s:
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1 . Adequate d e n s ity  o f  p h o to io n iz a tia a  m is t e x is t, in  . th e  gas 
n e a r  th e  space charge to  provide a  continuous s iq p ly  o f  e le c tro n s .
2 . Bie p o s i t iv e  space charge f i e l d  produced m is t he  such as 
to  draw th e se  pho toelec trons in to  th e  p o s i t iv e  CQluan in  s u f f ic ie n t  
q u a n tity  so as t o  he ah le  to  support p ropagation  o f  th e  stream er t i p .
The O bjectives
lain purpose o f th e  work described  in  t h i s  d i s s e r ta t io n  i s  an 
CO develop a  new and d i r e c t  techn ique  f o r  m easuring th e  
v e lo c ity  o f ions in  e le c t r i c a l  prehreakdown.
The work has included  d e riv a tio n  th e  coagtlete r e l a t i v l s t i c  Soppier 
frequency s h i f t  equation , m  a d d itio n  th e  fo llow ing  s p e c ia l  purpose 
measuring c i r c u i t s  were developed.
1 . A microwave sw itch c o n tro llin g  c i r c u i t  which i s  a h le  t o  vary  
th e  sw itching speed w ith in  th e  m echanical l im i t  o f  th e  sw itch . The 
purpose o f  t h i s  sw itch  i s  to  connect th e  main in p u t arm and r e f le c te d  
waves to  th e  spectrum analyzer a l te rn a t iv e ly .
2 . A synchronized h igh  vo ltage  p u is e r  lA ich  i s  d r iv a i  hy  th e  r f  
m odulating s i g n a l.
3 . A microwave r e f le c tc n e te r  which must he s e n s i t iv e  enouf^ to  
d e te c t th e  moving o f  ions in  th e  e l e c t r i c a l  prehreekdown tu h e .
Use o f  th e  microwave Doppler e f f e c t  to  determ ine t r a n s le t io n a l  
v e lo c i t ie s  i s  h a rd ly  a  new f i e l d ,  however, t h i s  i s  b e lie v e d  to  he th e  
f i r s t  tim e th a t  t h i s  e f f e c t  has been used  to  determ ine th e  v e lo c ity  o f 
p o s i t iv e  ions p ropagating  a t  onset o f  an e l e c t r i c a l  d isch a rg e .
In  t h i s  eiqperiment th e  Doppler s h i f t  i s  determ ined by saaipling
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th e  r f  s ig n a l from th e  in p u t s id e  o f  th e  b ridge  and saaxpling th e  s h if te d  
s ig n a l from th e  d e te c tin g  arm o f  th e  b ridge  and ccmqparing th e se  on a 
spectrum an a ly ze r.
CHAFTHl m  
THEORT
When an e lectrom agnetic  vave la  In c id e n t on a  moving body, th e  
frequency o f  th e  s c a t te re d  vave can be shown to  d i f f e r  from th a t  o f 
th e  in c id e n t vave. This i s  c a l le d  th e  "Doppler E ffe c t" .
I n  o rd e r t o  c a lc u la te  th e  microwave in te ra c t io n  w ith  p a r t i c l e ,  
th e  fo llow ing  assumqption i s  made. L et us co n sid er a  re c e iv e r  i s  in  
motion w ith  v e lo c ity  v  and f ix e d  in  a  C arte s ian  C oordinate (x* ,y* ,z» , t* )  
a s  shown in  F igu re  6 .
X
F igu re  6 T ransm itte r and R eceiver R e la tiv e  P o s itio n
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A tra n s m it te r  i s  s ta tio n a ry  v i th  C a rte s ian  C oordinate (% *y ,z ,t) and 
tra n sm ittin g  an electrom agnetic  vave B -  Be^( ^  t - k s )   ^ ^rm  Maxwell 
equations:
7 X B ■ -i io  ( 3- 1 )
•s
7 . H -  0 (3 -2 )
(3 -3 )
 ^ ' B “ —P— (3-4)
T - ctB (3-5)
7 ^ - ------ i - —
a t^  ( 3- 6)
The electrom agnetic  wave i s  p ropagating  t h r o u ^  th e  2 d ire c tio n , 
hence,
7 E e, — g—
a t ‘
- 3-
Ô t '
c a t  ^ (3-7)
From F igure  6
z* .  z  B v t '
2 —  2 ,
r  = TR ( 3- 8)
= (x ' -  x)^ + (y* -  y)^ + (z*- z  )^
.  c2 ( t  ,  t ' ) 2  (3 -9 )
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R L ffe re a t^ t ln g  (3-9) g lvee
2 (z  -  8 »)(d t  -  d z ' )  -  2 c ^ (t -  t ' ) ( d t  -  d t ' )  ( 3-IO)
Since
c ( t  -  t ' )  -  r  (3-11)
(z  -  z ')  -  vt* (3-12)
Simiplifÿing (3 -1 0 ), y ie ld s
(z  -  z ' ) ( d z  -  d z ’) ■ c ^ ( t  -  t ' ) ( d t  -  d t ’) (3-13)
S u b s titu tin g  equjations ( 3 -H )  and (3-12) in to  (3 -1 3 ), g ives 
(z  -  z ’) v d t ’ » c r ( d t  -  d t ’)
(1  + z -  z ’ V ) a t ’ -  d t  (3-14)
r  c
L et d t ” be th e  tim e in te r v a l  corresponding to  d t ’ f o r  an observer a t  
r e s t  v i th  re sp e c t to  R, th a c  tak in g  th e  L orentz T ransfoxaation  (33, 
4 , 3)
t ’ -  P ( t ” + ) (3-1$)
1
t '  -  e ( t :  + ^  ) ( 3- 16)2 d qH
vhere ^ ^ 1
v2
S u b strac tin g  equation  ( 3- I 6 ) from (3 -1 $ ), g ives
t ’ -  f  - 0  ( t^  -  t ”)2 1 ' 2  1 '
o r  sim ply
d t '  « 3 d t"  ( 3- 17)
D ividing (3 - l4 )  by (3 -1 7 ), r e s u l t  i s
(3 .18)
2k
Also from L o m its  T rE m afom atlm ,
t -  B ( t '  + - ^ )
f o r  v<jcc,  t  ■ t ’ and 
o r  _
(3-19)
idiere û  i s  th e  u n i t  v e c to r  in  th e  d i r e c t io n 'o f  p ro paga tion , übua i t  
i s  found t h a t  th e  novü. fe a tu re  as compared v i th  th e  c la a s ic a l  r e s u l ts  
i s  th e  appearance o f th e  f a c to r  3 . Prom (3-19)
U»Y
f  1 + c
-  ( 1 + ~  ) (1  ............... ) (3-20)
I f  a  n icrovave hean i s  r e f le c te d  from a  moving m ir ro r , ve  may 
th in k  o f th e  Image as a  source vfaich i s  moving v i th  tv ic e  th e  v e lo c ity  
o f th e  m irro r . I f  u -v  i s  th e  component o f th e  v e lo c ity  o f  th e  moving 
observer to v a rd  th e  so u rc e ,th e n , (3-20) can be v r i t t e n  a s :
I " .  (1 + 2 H ) ( l . l  ^  (3-21)
Tdiere f " and f  a re  th e  s h if te d  and u n sh if te d  frequencies vbich  v i l l  be
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ttqpJalnwd in  more R e ta i l  i n  th e  fo llow ing  paragxqphe*
Vhen a  m odulating mignal i s  combined v i th  th e  c a r r i e r ,  th e  aaqpGLitude 
modulated c a r r i e r  can be rep reaen ted  a s  
f g ( t )  -  K (l + mcoa ‘"a t)(c o a  “J^t)
Tdiere
(u i s  th e  c a r r i e r  frequency 
c
(u is the modulating signal freqjoeney m
V>“m 
m is modulating index
"then
r c ( t )  -  K COB V  + 3 »  C0« ( “c  + “W ) + ^  eo» ( “c  -  "■ )♦
(3-28)
vhere ( "c + "k  ) 1= th e  upper sideband
( (u •  u) ) i s  th e  lo v e r  sidebandc m
Qie c a r r i e r  frequency, th e  upper sideband and lo v e r  sideband (32) can 
be p lo t te d  a s  F igu re  7*
m/2m/2
F igure  7 i l l  Frequency Spectrum
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F or p e r io d ic  iiqmxt, f ( t ) ,  th e  a l te z n a t l r e  f o m  o f  th e  Fouries 
sex iee  expansion m y  h e  v r i t t e n  as
(3-83)
L et u s  consider th e  s e r ie s  o f  p u lse s  as shown in  F igu re  8
F ( t)
•T -T /2  t/ 2  T
F igure  8 F o u rie r  A nalysis o f  B ectangular Have
2%
n
TA^-
s in
U)^ ip
2
sin ^  .
u) T 
n )
2
uj T• • n
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L et
X ■
U) T 
&
TA, alnx
A p lo t  o f  (S^Si) Tsrsus X l e  ehown In  F igure  9
(e in  x ) /(x )
>2 t t «  TT 2 TT
F igu re  9 ( e in  x ) /x  Versus x
th e re fo re  a  p e z fe c t  x ec tsh g û la r p u ise  o f  x f  eoerEOr vould  d isp le y  th e  
spectrum as shown in  F igu re  9* I n  p r a c t ic e ,  th e  spectxum d ep arts  from 
th e  — Amc t i a n  due t o  f i n i t e  r i s e  and decay c h a ra c te r is t ic s  o f  
th e  p u ls e .  A c tu a lly , th e  spectrum  cm alyzer does n o t d isp la y  pihase 
in fo n aa tio n  and th e re fo re  th e  lohes h e lo v  th e  a x is  appesur In v e rted  
ahove th e  a x is  on th e  d isp la y  a s  shown i n  F igure 10 .
26
(s in  x) /x
,3 TT «2 TT •  TT TT 2 TT 3 TT *
F ig u re  10 ( s in  x ) / z  Versus x Quoma i n  Sjpeetzun AnaJjrzer
F o r a  g e n e ra liz e d  p e r io d ic  in p u t
I s (3-25)
Vi12i zero  arczege w lo e  ( l$ e ,  no go c o ^ c n e a t)^  ü w n
1 + - ^  S  |c J c o s (  + 8g) j  COS » ,f g ( t )  = K
(3-26)
The AM signal; tfaua consists of the  unKOdnlated c a rr ie r  p lus th e  
douible sidehand term s.
f ^ ( t )  . K c o s » j t + ^ ^  I Cg 
+ o o s[( »e -  v *  ■ ®a]
cos ^( »g + »„  ) t  + e J
(3-2T)
The asp litude-m ôdu la ted  frequency spectrum appears in  F igu re  11 .
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W-  IT TT0 n
F igure  11 AnopUtude-Nodulated Frequency Spectrum
I f  th e  freqjuâücy s h i f t  i s  d e te c ta b le , a f t e r  applying p»e h l ^  v o ltag e  
to  th e  io o io a tio n  tu b e , th e  coeqparison o f  th e  s h i f te d  spectrum w ith  th e  
u n sh if te d  spectrum w i l l  be as shown in  F igure  12.
f i r  f
F igure  12 The Cangiarison o f The Spectrum 
From F igure  12 , f  " -  f  i s  th e  Doppler frequency s h i f t  ^ f . According 
to  equation  ( 3 - 2 1 ) , ^ f  can be w ritte n  as fo llow :
■<»f.(a(v/c) ( 1 +(i /2 )v^/c2 + (i/2)vV c^+................ ) (3-28)
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vhere A f  i s  th e  Doppler frequency s h i f t  
f  i s  th e  c a r r i e r  frequency
V is  the velocity  of the  ion
.
I f  A f  can be  found; then  th e  v e lo c ity  o f th e  p o s i t iv e  ions can be 
c a lc u la te d  b y  means o f  equation  ( 3- 28) .
The c ro s s -s e c tio n  o f ta r g e ts  o f  ions
L et us assume th e  a i r  in s id e  th e  io n iz a t io n  tube  i s  io n iz ed  uni- 
fozmly and slm u ltenecusly . The icsiized  n itro g e n  (3 /4  o f th e  a i r  i s  
n itro g en ) m olecules fozm a  g i ld  sc ieen"a8  shown in  th e  fo llow ing
%
y
b..:....-b
The screen  w i l l  r e f l e c t  th e  in c id e n t vave. The cu t o f f  frequency o f 
t h e  propagating  Tl^^ vave i s  a , fu n c tio n  o f  th e  dimension o f  th e  g r id  a ,  
as shown in  equation  ( 3 - ^ )
a (3-29)
where f^  i s  th e  c u t o f f  frequency  and equal to  33-5 kmc, 
h i s  chosen to  be th e  minimum in te g e r  1 .
2fr 1
a
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2 X 33.5 X 109. _ 1
—  3 X lOlO  I
a  ■ ■ 0.448 cm
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S is e s 'th e  n itro g en  m olecules a re  ion ized  uniform ly  and sim ultaneously , 
i t  i s  reasonable to  assume th e  screen  i s  formed as a  square . For 
a  u n i t  a re a  1 cm^, th è re  a re
i n —  a 2 .2  â  2 m olecu les/ cm
on each s id e , th e re fq re , th e  t o t a l  number o f  m olecules p e r  u n i t  a rea  
a re
4 X 2 a  8 molecules/cm^
th e  minimum d in s l iy  o f th e  io n iz ed  n itro g e n  m olecules f o r  d e te c tio n  
by a  33*5 s ig n a l i s  equal to  8 m olecules/cm ^.
The re so lu tio n  o f - th e  spectrum  an aly ze r
By d e f in i t io n ,  th e  re so lu tio n  i s  th e  3 db IF  bandwidth, hovevef,
i t  does tak e  in to  co n sid era tio n  o th e r f a c to r s .  I t  can be shown th a t ,
.
.
fo r  an usum ed Gaussian IF  response, th e  e f fe c t iv e  re s o lu tio n , R i s  
equal to
R a B
1/2
(3-30)
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vhere B > 3 db ZF bandwidth In  cpe*
F ■ th e  d iqpera lon  i n  cpa»
T "  aveep -  tim e in te r v a l  i n  second*
Bhder nonsal operation^
B "  1 — 80 k o .
F -  25 ko — 10 me.
1
T ■ 1-*-— s e c .
30
R » 80,000 r 1 0 x 1 0 ^
i  X (80xlo3)2
1/2
- 80, 000^ 1 + 0.195
2/2
"  80,000  cps«
CBASTffi I ?
EXFBIINEVEAL TBCBUQDZ
The new e p e c ie l experim ental technique developed in  t h i s  research  
usin g  th e  Doppler freq^ency s h i f t  i s  d escribed  be lov :
G eneral D e sc rlp ticn
übe Tdiole experim ental «Kpparatus i s  shown in  F igure I 3 .  The b lock  
diagram o f  th e  e ^ e r ln s n t  s e t  tq> i s  shown in  F igu re  l 4 .  The 7XR k ly s tro n  
power srqiply n o t on ly  d e liv e rs  th e  power toi th e  Doppler re f le c to m e te r  
(19 ,  27) ,  b u t a lso  g ives a  synchronizing s ig n a l  f o r  th e  t r ig g e r  o f  th e  
h igh  v o lta g e  p n ^ e r ,  idiich a re  locked to g e th e r . The microwave sw itch 
i s  o p era tin g  a t  i t s  XMzimum m echanical speed l ± s l t  o f  about 10 c p s .
The low est p re s su re  th a t  th e  vacuum puxp can a t t a i n  in  th e  d ischarge 
tube  i s  0 .15  mm Bg. M r  i s  used  as a  medium. The maximum opera ting  
frequency o f  th e  qpectrum an aly ze r i s  68 kmc, however th e  frequency 
response i s  lixd .ted  by th e  k ly s tro n  opera ting  range o f 32 t o  38 kxn.
The d e ta ile d  c i r c u i t  a n a ly s is  i s  eiqilmined in  th e  fo llow ing  s e c tio n s .
33
5^
Figure  13 Fhotograph o f  th e  Experijnental Appartus
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H l ^  V oltage P u ise r
mcrovBTe Switch
Spectrum A nalyzer
Io n iz a tio n  ZUbe
Doppler B efX ectoM ter
Klystron Power Supply
Figure  ik  The BLoch Diagram o f  liqpezim ental S e t l ÿ
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D e ta ile d  D eac ite tio n  o f  th e  Apparatag
The main p a r t s  d escribed  In  th e  fa llow ing  se c tio n s  w i l l  in c lu d e :
1 .  mczofwaTe sw itch  c o n tro llin g  c i r c u i t .
2 .  B l ^  v o lta g e  synchronised p u is e r .
3 .  Doppler re f la c to m e te r .
4 .  Vacuum system  and io n iz a tio n  tu b e .
5 . Dpectnmi analyzer.
1 .  Microwave sw itch  c o n tro llin g  c i r c u i t
The purpose o f  I h i s  design  i s  to  c o n tro l ü ie  qpeed o f  th e  sw itch 
Thich connects th e  main iiQUt signal and th e  r e f le c te d  s ig n a l t o  th e  
spectrum  an aly ze r a l t e r n a t iv e ly .  The frequency o f  sw itching  i s  c o n tro lle d  
by an u n iju n c tio n  t r a n s i s to r  p u ls a r ,  i h i l e  th e  sw itch ing  power IxQut i s  
c o n tro lle d  by a  p a i r  o f  s i l ic o n  c o n tro l r e c t i f i e r s .  The b lock  diagram 
i s  shown In  f ig u re  1 $ .
The Even Eusiber P u lse  Turns Switch Off
The Odd Eumber P u lse  Turns Switch On
SCR Switch
Constant A sp litude  and V ariab le  
Frequency P u lsa r
F igu re  1$ Microwave Switch C ontro l
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The j n l s e r  ¥ l l l  g lT s a  xone^ txeqjusoej ran g e . A n n i jm c tlo n  t r a n ­
s i s t o r  i s  used  t o  g en era te  th e  hoot s t i up  svecp* hy vary ing  i t s  tim e 
constant^  a  co n stan t s a g litn d e  v a r la h le  freqoency p u lse  i s  availm hle .
A. V a rish le  frequency  p n ls e r
( i )  B oo tstrap  c i r c u i t  (ID) : A ty p ic a l  b o o ts trap  c i r e v l t  th ic h  
v i l l  g en e ra te  a  co n stan t a q p litu d a  and frequency l in e a r  sav too th  vave- 
fozm as  shovn in  f ig u re  l 6 .
2 0 Y t
12k
1.0
22k
F igure  l 6 B ootstrap  C irc u i t
1 4 4
( i i )  Frequency c o n tro l c i r c u i t :  In  th e  c i r c u i t  shovn i n  F igu re  
17 ,  an  a d d itio n a l t r a n s i s to r  Qg i s  eaployed to  vary  th e  charging r a te  
o f  th e  c a p a c ito r , and a  frequency r a t io  o f  10 :1  o b ta in ed . The o r ig in a l  
c i r c u i t  i s  shovn in  F igu re  1 7 .
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f ig u re  17 The M odified B ootstrap  Sweep C irc u i t
The eq u iv a len t c i r c u i t  i s  shovn i n  f ig u re  I d
F ig u re  18  Hhe E quivalent C irc u i t  o f  F igure  17
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The %hole circuit can be represented ty  the following equation;
0.9T \(B) -  %(8) -  Bÿ[3(8) (W )
I l ( 8 )  -  ^2^S) + e lb (8 )  (4-2)
^(8). -  — I=(8) + %(8) (4-3)
Ci8 ^
%(8) .  ^  15(8) + 13(8) (4-4)
Rgig * V^ (8) - Hili(8) - %(8) (4-5)
13(8) + ^ (s) -  B ^3(8) - B ^g(8) (4-6)
Algehrlc manipulation, gives
V. c(ci + CgX 8 + R3(g^  ^ + 02)  ^ (4-7)
%(8) -   '----------
8 ^ 8 2  + 8 - X - T - z ]
lA ere
Vb -  e H ilb(8)
V
CiC2(l^ + Bg)
0 .0 3 c i(  1  + p ) « 0.9702 
CiCg B 2 R3
(c i + cg) (Rj^  + Bg) -  B ]
°1®2  ^2(^1 ®2 )
r .
W  ________________
M L  ( ^  + Hg ) -  B
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from figure 19, ty setting
^  + Eg .  40 K ^ - 1 5 t
C i ^ C g - l U f  Eg "  KJL
and from equation  (4 -7 )
50(15 + 8 6 % ) ( 8  ♦  ^  ) 
l^ (S )   -------- --------- --------- ---------- ----------------------
8 + 8(33.5 -  ^  ) + adO ]^
E r s e t t in g  Eg "  12 E
50(15 + 26l ^ ^ )(8  + 41.6)
* 8 [ 8^ + 8(33-5 -  0.634) + 0.14 X 10*^ J
cj^(t) .  1 .5 (15  + 261^ 1 ) [ l  -  e‘ ^^-5^(cc833 .6 t -  0 . 5a ln 33 .6 t) ]  (4-8) 
A p lo t  o f  ^ ( t )  versns tim e In  m illisec o n d  I s  shown In  f ig u re  20 . The 
v a v e fo a  o f  e ^ ( t )  versus tim e i s  shown in  f ig u re  21 .
( i l l )  Change o f  frequency range: In  o rd e r ,to  change th e  frequency,
i t  I s  necessary  t o  vary  th e  s iz e  o f  th e  two c a p a c ito rs  to
new c a p a c ito r  -  a u f  x  o ^ W n a l low er end frequepcy(200  cps)
new low er end frequency
In  o rd er to  work <xi th e  l in e a r  p o r tio n  o f  th e  response fu n c tio n  
«{^(t), i t  I s  necessary  to  rev e rse  th e  g I ^  d ire c tio n . The ou tpu t f r e ­
quency r a t i o  o f w i l l  th en  he d i r e c t ly  p ro p o rtio n a l to  th e  cu rre n t 
ixqm t. This can he accomplished hy u t i l i z i n g  th e  c i r c u i t  shown in  
F igu re  I 9 .
4 l
y.37K I B .25
F igure  19 F in a l C irc u i t
X"
T im ^
Lue
A B C D E F G H
.001 .0165 .983 1 .9 .99939 .0349 .0175 .000 .000
.003 .0495 .951 5 .7 .99494 .1004 .0502 .902 .097
.009 .1485 .862 17 .3 .95476 .2973 .i486 .6(94 .306
.012 .1980 .820 23.1 .91982 .3934 .1861 .602 .398
.015 .2475 .781 28.9 .&T456 .4832 .2416 .495 .505
.018 .2970 .743 34.7 .82214 .5692 .2846 .398 .602
.019 • .3135 .731 36 .0; .^ 2 8 2 .5962 ,2981 .368 .632
.020 .3300 :7 l8 38.5* .78261 .6225 .3112 .338 .662
Table 1 C alcu la ted  Value' o f  Equation (4-8 ) 
- l 6 . 5tA « l 6 .5 t  B -  e
D = cos 3 3 .6t  E .  s in  33 .6t .
0  = 23 .6t  -  0 .5  s in  33.6b)
H -  e j^ ( t)A
C » 33 .6t  
F ■ 0 .5  s in  33.6b
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4 .0  6 .0
T i æ  (MlIIlBecoQd)
Figure 20 Versus Time
8.02.0 10.0 12.0
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Figure 21 Constant Amplitude Varying Frequency Puiser 
Upper trace. Sawtooth Wavefonn 
Lower trace. Pulse Wavefoim
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B. 8CR CoQtxol C irc u i t  ( U , l 8 )
The p u le e r  w i l l  g ive  a  t r a i n  o f  p u ise s  o o ly . I n  o rd e r t o  s ^ e c t  
th e  odd number p u lse s  f o r  tu rn in g  on th e  SCR and th e  even number 
p u lse s  f o r  tu rn in g  o f f  th e  SCR, a  b in ary  f l ip - f lo p  (15) as shown in  
F igure  22 i s  u sed . Mhen t r a n s i s to r  i s  tu rn ed  on, Tg i s  tu rned  
o f f .  The lead in g  edge o f  th e  square vave i s  used  f o r  tu rn in g  on th e  
SCR id ii le  th e  t r a i l i n g  edge o f  th e  square vave i s  used  f o r  tu rn in g  
o f f  th e  SCR.
Figure 22 F lip -flop
 \/wr>-------
1 .2  ohms A - M r 1 .2  ohm#
> 600 ohm#
#olenoj
F ig u re  23 8CR Sw itching C irc u i t
k6
Abhdm i s  s a tu ra te d
R , .
0 .5
-  1 5 - 5  
0 .5
« ao K
i  .  - L  
1 20 K
■ 0 .5  ma
^2 ■
». 0 .5  + 0 .4  » 0 .9  ma
®2 ®3 "  Ô & " -  5 .5  K
Choose 5 .1  K
W a - 5 * “  ^  - T - 5 V
th e re fo re , Tg i s  o f f .
C. SCR sw itch ing  c i r c u i t
The d e ta i le d  c i r c u i t  i s  shown in  F igu re  23 . When g^ i s  p u lse d , SCR^
i s  conducting and th e  so leno id  i s  energ ised , th e  sw itch i s  tu rn ed  on and
idien gg i s  p u lsed  SCRg i s  conducting . P o in t B and A o f  F igure  23 i s
ground a t  t h i s  in s ta n t  h u t c^ s t i U  m ain tains th e  B+ v o lta g e , th e re fo re  
th e  8CR2 i s  c u t o f f .  The waveform o f  th e  sw itch  i s  shown in  F igu re  24.
G enerally  speaking, an SCR can he tu rn ed  on hy p u ls e s . In  o rd e r to  
opera te  p ro p e rly  w ith  in d u c tiv e  lo a d s , th e  g a tin g  s ig n a ls  a p p lied  to  th e  
s i l ic o n  c o n tro l r e c t i f i e r s  must he  square waves r a th e r  th an  p u ls e s , th e re ­
fo re  th e  c o l le c to r  o f F igu re  22 i s  d i r e c t ly  connected to  g^ through a  d iode.
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Figure 24 Hie SCR Switch Wieoreform
Carper tr a c e , Ingput r f  S ignal fO.lw/cm) 
Lower tr a c e , SCR Switch % vefoim(lO v/cm)
Ud
The c o l le c to r  Tg o f  Vlfluze 22 I s  d i f f e r e n t le te d  end th en  canqpcted to  
Sg through eno tber d io d e .
During th e  tam w m  p e iio d , th e  p ro te c tio n  o f BCR hy  means o f  fu ses  
can be  inadequate . The fh se  ra tin g s  a re  based  on th e  A  r a t in g  o f  8CR, 
idiich i s  derived  from th e  d a ta  ta k en v i th  tp e  vbole ju n c tio n  tu rn ed  on. 
T herefore th e  fu se s  do n o t n e c e ssa r ily  p ro te c t  th e  8CR from th e  e f fe c ts  
o f lo c a l is e d  h e a tin g .
The re s is ta n c e  used  in  F igure 2$, i s  an atteegpt t o  improve 
th e  vave form . T he"current drawn by th e  s v i tc h  i s  about 0 .2  amp. and 
v i l l  v a ry  v i th  th e  ap p lied  te rm in a l v o lta g e .
2 . Synchronized h igh  v o ltag e  p u is e r
In  o rd e r to  synchronise th e  high v o lta g e  p u is e r  v i t h  th e  r f  i^ p u t, 
th e  p u is e r  ra is t be  d riven  Iqr th e  modulated r f  s ig n a l .  A b lock  diagram 
i s  shown in  F igure  2$ and 27 . To avoid a  load ing  e f f e c t ,  an i s o la t in g  
stag e  i s  re q u ire d . In  o rd e r to  have a  v id e  opera ting  range o f  th e  
m odulating s ig n a l,  an a m p lif ie r  i s  fo llow ed a f t e r  th e  i s o la t in g  s ta g e . 
The s im p lest phase s h i f t  c o n tro l can be ob ta ined  by an BO c i r c u i t ,  
where R i s  a  v a r ia b le , and depends on th e  degree o f  th e  phase s h i f t .
The d e ta i le d  c i r c u i t  diagram i s  shown in  F igu re  26 and 28 . C ontro l o f 
th e  SCR c i r c u i t  i s  s l ig h t ly  d i f f é r a i t  from th a t  d iscussed  in  S ec tion  1 . 
Since a  p u lse  ou tpu t i s  req u ire d , th e  connection o f th e  tran sfo rm er i s  
d i r e c t ly  across th e  re s is ta n c e  ^  as shown in  F igure  28 . During th e  
tu rn  on and tu rn  o f f  p e rio d , th e  p u ise r  w i l l  always g iv e  a  p o s i t iv e  
p u ls e . The t e s t  d a ta  a re  l i s t e d  in  Table 2 .
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Table 2 The T est Data o f  High V oltage R i ls e r
^do(^) P u lse  Voltage(Ky)
5 63 0 .81
10 130 1 .65
15 220 2 .90
20 315 4 .60
25 4oo 6.20
30 505 9 .1 0
35 620 12.00
4o 740 14.00
The o v e ra ll  vavefozn i s  shown In  F igu re  2$ and 30,
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To SCB C ontrol
R iase s h i f t  c e n tra l
A m plifier
I s o la to r
Square vave m odulating 
s ig n a l 0 to  200 v
F igu re  2$ Square Vave R iase S h if t in g  Control
4TK
220FF
2K-/Ws
2K 2KLL9
llOQK lOK
220 FF
- d & .
2K
SCR Sw itching C irc u i t
F ig u re  26 D e ta ile d  C irc u i t  F b r Square Vave Itaaae S h if t in g  C ontro l
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Prom phase s h if t in g  c o n tro l
B is ta b le  c i r c u i t
Turn on Turn o f f
SCR sw itching  c i r c u i t
Figure 27 SCR Control C ircuit
1 .2  dhma
- v w ^
3 ohma
r r r m
I—
kOAJf ohm# a
f ig u re  28 Elgh V oltage iS ilae r
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Figure 2Q The High Voltage Pulse and The rf Modulating 
Signal
Upper trace. Modulating Signal (l v/cm)
Lower trace. High Voltage Pulse (2 kv/cm) 
Time, 1 msec/cm
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3*^ aaec 3*4 Bsec M odulatlog B lgnal
80 E
vo ltage  p u ise
crosecood
70 .4  aaec Microwave sw itch on
100 msec Camera s h u tte r  opening
Figure 30 The Relative Vavefoxms
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3* Dogpler r tf f le e to B s te r  {2 , ^6)
The r e f le c to a e te r  c iz c u l t  i e  mhom e c h m e tic a lly  i n  F iguré  31.
The main power in p u t i a  s p l i t  in to  two p o r t s :  th e  hoxn an4 th e  he lsnclng  
aim . I f  th e  re f le c to m e te r  i s  halanced^ th e  output Of th e  d e te c to r  aim 
i s  zero , i f  th e re  i s  any d is tu rbance  in  any o f  th e  two anas ( e .g .  th e  
r e f le c t io n  o f  th e  medium in  f r o n t  o f th e  hozn ), then  th e  d e te c to r  w il l  
g ive  an o u tp u t. At th e  seme tim e th e  spectzum a n a ly se r  i t fU  in d ic a te  a  
phase s h i f t .
The o p era tin g  s tep s  o f  Doppler re f le c to m e te r
(1) A djust th e  c a v ity  o f  k ly s tro n  and th e  sh o rted  end o f  th e  d e te c to r  
t o  o b ta in  a  wurkmmi ou tpu t on bo th  th e  o sc illo sc o p e  and SHR m eter.
(2 ) W ithout io n iz in g  th e  gas in  th e  tu b e , o b ta in  th e  minimum reading  
on th e  SWR m eter by  a d ju s tin g  th e  a tte n u a to rs  and phase s h i f t e r  o f  th e  
•hai «yiriwg a m . N ote, a t  t h i s  moment, th e  spectnas an a ly ze r  SA-8 (^VA should 
read  on ly  th e  n o ise  p a t te r n .
( 3 ) D istu rb  th e  phase s h i f t e r  or* th e  a tte n u a to r  t o  o b ta in  a  sm all 
ou tput o f  th e  d e te c to r  a m  to  th e  spectrum a n a ly z e r . Rote,
t h i s  i s  th e  k ly s tro n  o p e ra tin g  frequency.
(4) Io n ize  th e  gas in  th e  tube  by tu rn in g  on th e  dc SV o f  th e  power 
supply and th e  two lo g ic  le v e l  c o n tro l power su p p lie s .
( 5) Turn on th e  microwave switch'.
(6) A f te r  tu rn in g  on th e  p u is e r ,  th e  spectrum an a ly ze r  should 
g ive  a  phase s h i f t  p a t tb m  on i t s  sc reen .
I f  th e  phase s h i f t  i s  d i f f i c u l t  t o  d is t in g u is h  from th e  o r ig in a l  
s ig n a l, th e  d isp e rs io n  SW may s e t  in to  low , change to  maximum s e n s i t iv i ty
Horn
D ire c tio n a l
C ouplerA tten u a to r A tten u a to r
m gnc
Tee
Stub
Tuner
D ire c tio n a l Mlexowave 
co q p le r S v itch
Lttenuato: "
A tten u a to r
R iaae
S h i f te rD e tec t >r
SHR
S h o rt
f ig u r e  31 Dojppler R eflec tom eter
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%hieh giTBfl th e  minimm readable frequency of 1 Kc*
4 , Vacuum ayatem and io n is a t io n  tube
The vacuum ayatem in cludes a  Welch l4 lO  vacuum puagp, a  vacuum tr a p  
and a  io n is a t io n  tu b e . The trlnlm m  p reaau re  o f  th ia  ayatem ia  0 .15  "  % .
The io n is in g  tube  conaia ta  o f  two Aluminum p la te a  3*5" in  d iaaw ter. 
The bottom p la te  haa a  x  ^  rec tan g u la r  h o le  in  th e  c e n te r  w ith  a  
microwave hoxn under i t .  I n  o rd e r to  reduce th e  n o iae , th e  to p  p la te  i a  
curved aa ahown in  F igu re  32*
5* Spectxum A nalyser (25)
A F o la rad  gAm84W4 apectium an a ly se r i a  uaed to  meaaured th e  phase 
s h i f t .
The d e ta i le d  o p e ra tin g  procedure i a  enclosed  in  th e  Appendix,
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Thldm eas o f e le c tro d e
Tongsten rod
2 f
To vacuum gauge
Figure 32 The Ionization Tube
CHAFTffi V
msains
Using th e  q p e c ia l expezim ebtal techn ique  dev<^oped In  t h i s  resea rch  
lA lch vas described  in  C hapter IV, th e  Doppler frequency s h i f t  becomes 
m easurable. She ejqperimental r e s u l t s  shov th e  higgler th e  applying fre *  
quency, th e  more th e  frequency s h i f t .  I b i s  i s  i n  agreement v i th  th e  
th eo ry  lA ich  i s  developed in  C hapter Z U .
The opera ting  freq u m cy  o f  k ly s tro n  (13) i s  i n  th e  range o f  26 kmc.
I t  i s  found th a t  v i th in  a  range o f  33*5 kmc t o  36,25 km c/ th e  k ly s tro n
v i l l  d e liv e r  th e  output o f  about 50 mv. S e le c tio n  o f freqviency
o f  35 kmc vas made f o r  se v e ra l rea so n s . Paramount among th e se  vas th e  
f a c t  t h a t  t h i s  frequency i s  much above th e  plasma resonan t frequency, 
should a  plasma e x is t  i n  th e  reg ion  between th e  p l a t e s .  Previous e q » eri-  
ments have shown th a t  th e  resonan t frequency u t i l i s i n g  th e  equipment 
a t  hand (maximum power o f  500 w a tts  and one m icron Qg. p ressu re ) should
be no g re a te r  than  8 kmc. As a  r e s u l t ,  th e  in te r a c t io n  between th e  35 kmc
c e n te r  frequency o f  th e  Doppler re f le c to m e te r  and th e  medium v i l l  be 
n e g lig ib le ,  A second reason  i s  th e  f a c t  t h a t  to  g e t  a  t r u e  p ic tu re  o f 
th e  v e lo c ity , th e  reg ion  o r  d is ta n c e  tra v e le d  by th e  io n s  must be  se v e ra l 
w avelengths, as cospared to  th e  wavelength 6 t  th e  Doppler c e n te r  frequency. 
F o r th e  35 kmc Wavelength o f  8 .6  m ill im e te rs , t h i s  i s  e a s i ly  achieved in
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th e  tube  u t i l i z e d  In  th e  eagperlnent. A th i r d  reason  f o r  using  35 kmc 
i s  th e  f a c t  t h a t  th e  n o ise  background i s  alm ost n e g lig ib le  and hence, 
no in te ra c t io n  between th e  d iq»ersion  o f  frequencies  produced by  th e  
breakdown phenomena v i l l  be recorded on th e  spectzum an a ly ze r. As a  
A n th e r  ccsmmnt, i t  vas no ted  th a t  idien th e  Doppler re f le c to s ie te r .v a s  ' 
p ro p e rly  tuned , th e  minimum d e te c ta b le  s ig n a l o f  90 dbm shoved no output 
v i th  no qpp lied  v o lta g e .
During th e  t e s t  run  under th e se  c o n d itio n s , th e  p re ssu re  i n  th e  
tube  vas 0 .15  nnBig. v i th  a i r  a s  th e  opera ting  medium. The use  o f  th e  
Doppler re flec to B ie te r in  tM s  co n fig u ra tio n  to  pexm it measure io n  f ro n t  
v e lo c ity  in  p re ig n i t io n  breakdown c u rre n ts  has been q u ite  su c c e ss fu l.
The ejqperimmital r e s u l ts  show th a t  as h l ^  v o ltag e  (2 .1  kv) i s  ap p lied  
t o  th e  anode o f  th e  tube  th a t  a  s h i f t  i n  th e  q p e c tra l l in e  as shown in  
F igu re  33 o ccu rs . Ihider th e  same cond itions only  v i th  no v o ltag e  app lied  
i t  i s  e a s i ly  seen from F igu re  3h th a t  no. s h i f t  in  th e  frequency spectrum 
has occurred . Thia same e f f e c t  has been noted  on se v e ra l d i f f e r e n t  runs 
and i s  a  very  c o n s is te n t measure o f  th e  ion  f ro n t  v e lo c ity .
A nusiber o f  t e s t s  were th en  perfozmed to  determ ine i f  th e  measure 
was a c tu a l ly  t h a t  o f  p o s i t iv e  ions o r  perhaps some n o ise  c h a ra c te r is t ic s  
from th e  d isc h a rg e . I f  th e  p o la r i ty  o f  th e  v o ltag e  p u lse  to  th e  tube 
i s  reversed  th e  Doppler s h i f t  should be in  a  d ire c tio n  opposite  t o  th a t  
\d iid i p rev io u s ly  measured, idien th e  p o s i t iv e  io n  f ro n t  was ccsdng toward 
th e  Doppler re f le c to m e te r  h o rn . : This d id  occur and showed th a t  th e  
Doppler s h i f t  was o f  a  h ig h e r  frequency idien th e  p o s i t iv e  iozw were pro ­
pagating  away from th e  h o rn . A f u r th e r  check to  determ ine id ie ther o r  
n o t th e  in flu e n ce  o f  a  plasm a in  th e  f i e l d  o f  a  horn  would unbalance th e
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'bridge vas aude through flgppllcatlOQ o f  h i£ ^  v o ltag e  d c . In  t h i s  t e s t  
th e  tube  vas a llo v ed  to  ccm s t o  a  b r i l l a n t  g lo v  and s t a b i l i s e .  In  no 
case  d id  th e  b rid g e  unbalance, shoving th a t  a  change in  th e  d ie le c t r ic  
p ro p e r t ie s  o f  th e  medium had no e f f e c t  on th e  Doppler re f le c to m e te r  
ba lance  a t  p lana»  resonan t freq u en cies  b e lo v  8 hsc  (2 3 ) , A f u r th e r  
t e s t  t o  determ ine i f  th e  e f f e c t  o f  h l ^  v o lta g e  vas d is tu rb in g  th e  
reflectoBMster vas amde by  t e s t in g  vo ltage  a p p lic a tio n  \xp t o ,  b u t n o t 
in c lu d in g  a  prebrealcdovn d isc h a rg e . This vas done by applying v o ltag e
I
p u lse s  b u t n o t a llo v in g  c u rre n t t o  flow  during  t h i s  in te r v a l .  In  no 
in s ta n c e  d id  th e  re f le c to m e te r  n u l l  read ing  o r  ba lance  p o s i t io n  change. 
O ther p recau tio n s  taken  in c lu d e  c lean ing  and ou tgasing  o f  th e  vacuum 
system to  avoid  a s  n e a r ly  a s  p o s s ib le  a  contam ination o f  th e  su rfa c e , 
a lthough t h i s  f a c to r  d id  n o t seem to  be p a r t i c u la r ly  isggortant s in ce  
t h i s  vas a  gaseous type  d ischarge  in  lA ich an avalanche d id  occur, 
r a th e r  th an  a  vacuum d ischarge  i n  lA ich th e  p u r i ty  cond itions o f  th e  
evacuated chamber a re  very  im p o rtan t.
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Figure  33 The Frequency ^ e c tru m  With High Voltage On 
(2 .1  kv , f=33.55 kmc)
Figure 34 The Frequency Spectrum Without High Voltage On
(f=33.55 kmc)
6U
Figure  35 The Frequency Spectrum With H i ^  V oltage On 
(2 .1  kv , f-3 3 .7 5  tone)
Figure 36 The Frequency Spectrum Without H i^  Voltage On
(f»33.75 kmc)
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Figure 37 The Frequency Spectrum With High Voltage On 
(2 .1  kv, f-3 7 .5  krc)
Figure 38 The Frequency Spectrum With High Voltage On
(2.1  kv, f . 33.25 kmc)
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Prom F igu re  33 and 3^>
k
f  “  33*55 kmc a t »  -p— me
40
By aaaumlng th a t  v «  c , th en , from equation  ( 3- 28) ,  
A f % cV
2f
» 3 X 10°
* 2 X 33*55 X lo3
= 3 x 1 0 °
23 X 33*55 X 103
.  3 x 1 0 ^
7 7 1 .6 5
= 0.0038  X 10^
= 0 .3 8  X 10^ m /sec .
From F igu re  35 and 36,
f  = 33*75 kmc A f  = me
V » 0 .43  X 10^ m /aec.
From F igu re  37,
f  »  37 .5  kmc A f  = ■ me
V = 0 ,48  X 10^ m /aec.
P«m  F igure  38,
f  = 33*25 kmc A f  = me
V = 0 .3 6  X 10^ m /aec.
From th e  c a lc u la te d  r e a u l ta ,  th e  v e lo c ity  o f iona in  e le c t r i c a l  
prehreahdovn ia  app roxim ate ly  o f  th e  o rd e r  o f  10^ m /aec.
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The v o lt-a n ^ e re  c h a r a c te r is t ic s  a re  shovn I n  F igu re  3P, k l ,  U3,
4$, 47 and 48 .
F igure  39 and 40 shov th e  n ln la u a  hreakdown v o ltag e  to  be 600 v . 
Under th e se  c o n d itio n s , th e  p re ssu re  In  th e  tube  vas 0 .1$  mm % .  v l th  
a i r  as th e  o p e ra tin g  medium.
Table 3 g ives th e  tim e la g  a g a jn s t th e  % p U ed  v o ltag e  t o  th e  tube ,
Table 3 Time Lag A gainst The O vervoltage A pplied
Overvoltage
(percen tage) 350 300 2$0 l6 o
Time Lag 
(m icroseconds) 0 .6$ 1 .2 1 .5 2 .0
I t  I s  found th a t  th e  h ig h e r th e  overshoot v o lta g e  eppU ed th e  le s s  
tim e la g  v U l  b e . This I s  In  good agreement v l th  th e  r e s u l ts  o f  o th e r 
voxkers such as Nozgan (2 1 ).
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Figure 39 The Minlaum Breakdown Voltage 
(200 v /cn)
Figure ko The Voltage and Current Traces 
Voltage « 0 . 5  kv/an 
Current > 10 ma/cm 
Time ■ 20 jis/cm
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Figure 4 l Volt-ampere Curve 
Voltage » 0 .2  kv/cm 
Current ■ 5 na/an
Figure k2 Volt-ampere Curve (Expended Traces) 
Voltage » 0 .5  kv/cm 
Current ■ 10 ma/cm 
Time « 5 }is/cm
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Figure 43 Voltage-aaçere Curve 
Voltage « 0 .5  kv/cm 
Current » 20 ma/cm
Figure 44 Vdltage-ampere Curve (Expended Traces) 
Voltage = 0 .5  kWcm 
Current « 10 ma/cm 
Time » 5 jis/cm
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Figure  4$ Volt-antpere Curve 
Voltage « 0 .5  kv/cm 
C urrent = 20 ma/cm
Figure  46 Volt-ampere Curve (fipended Traces) 
V oltage « 0 . 5  kv/cmi 
C urrent » 10 ma/cm 
Time « 5 )is/cm
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Figure 47 Volt-ampere Curve 
Voltage » 0 .5  kv/cm 
C urrent » 10 mayhem
F igure  48 Volt-ampere Curve (am ended Traces) 
Voltage » 1 kv/cm 
Cur r a i t  = 10 m y cm 
Time « 5 )is/cm
CEAFTER VI 
COaCEUSlCaB MSD BKOMfBQMnonS
The v e lo c ity  o f  p o s i t iv e  io n s  i n  p re ig n it io n  breakdown has been 
an estim ated  value  f o r  y ears  (20) • I t  has never been su c c e ss fu lly  measured. 
The d i f f i c u l t i e s  a re  due to  th e  ccsgtlex c h a ra c te r is t ic  o f  th e  d ischarge 
tu b e . The s p e c ia l  experim ental techn ique  developed in  t h i s  research  
makes t h i s  measurement p o s s ib le .
The experim ental r e s u l ts  shov th e  foU ow ing; FOr a  c a r r i e r  f r e -  
qjuency o f  33*55 kmc, th e  Doppler s h i f t  vas found to  be k/k6 megacycles 
y ie ld in g  a  v e lo c ity  o f  0 .38  x  10^ m eters p e r  second as shovn in  F igure 
33* From F igure  35 v i th  a  c e n te r  frequency o f 33*75 kmc and Doppler 
s h i f t  o f  4 . 5/47  m egacycles, th e  v e lo c ity  vas found to  be 0.43 x 10^ 
m eters p e r  second, and in  F igure  37 idiere th e  c a r r i e r  frequency vas 
37*5 kmc, th e  Doppler s h i f t  vas 6/ 5I  megacycles v i th  a  corresponding 
p o s i t iv e  io n  v e lo c ity  o f  0 .48  x 10^ m eters p e r  second. These r e s u l ts  
compare ve ry  fav o rab ly  t o  th o se  p re d ic te d  by many resea rch e rs  (38,  2 l)  
a s  being necessa ry  f o r  th e  e le c t r i c a l  breakdovn o f  gases under high 
v o lta g e . These r e s u l t s  shov th a t  th e  v e lo c ity  o f  p o s i t iv e  ions in  th e  
prebreakdovn c u rre n ts  has been determ ined, a  va lue  vhich has never been 
measured d i r e c t ly .
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The th e o r e tic a l and experim ental work performed in  th is  research  
have led to  many in te r e s t in g  p o s s ib i l i t i e s  in  the f ie ld  o f gaseous 
d isch a rg es. These re la ted  problems are presented as recommendations 
o f  th is  d isse r ta tio n :
1. With a s l ig h t  m od ifica tion  o f equation (3 -2 1 ), a r e la t iv i s t ic  
(22, 41 , 34) Doppler frequency s h i f t  equation can be obtained a s ,
2 - 1/2
Af “ (1 -  ^2 ) (1 + Y + . . .  ) (6-1)
c
where
- f '
■ - ] 2
fp i s  the plasma frequency
f  i s  the propagating wave frequency
2 - 1/2  ,
A f  = ( l - “ ) (1 -  2 " 2    ) (6 -2 )
c f
Equation (6-1) shows that the plasma frequency is  a function  o f p a r t ic le  
speed which has never been measured.
2 . In 1959, Hibberd and Thomas (14, 28) tr ie d  to ca lcu la te  the 
Doppler s h i f t  o f  SPUTNIK I ,  and gave the follow ing:
fpVUg
Af = ———  (cos or s in  - cos g cos ijr^ ) (6-3)
where or and g are the d ir e c t io n a l cosin es to the X and Y axes. The 
r e fr a c t iv e  index a t  the s a t e l l i t e  i s  denoted by ; u n t i l  1964, 
T itheridge (35) used the same p, to  be the phase r e fr a c t iv e  index and 
gave the Doppler s h i f t ,  as
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A f  V
-T-"- (6. 4)
G enerally  speaking ( tie  n o t a  c o n s ta n t. In  an Inhfangeneoos madinm, ac- 
cozdlng to  (6* l)
H = ( 1 + | A e ^  )
f 2o 1 -  i p
f 2
Eence, by u s ip g  Idle seme technique dereOpped i n  t h i s  re se a rc h , th e  
Doppler freqaency  s h i f t  o f  s a t e l l i t e  can be o b ta in ed .
The fo U av in g  a reas a re  no ted  as having r a th e r  severe  equipment 
l im ita t io n s  and vexy d e f in i te ly  i n  need o f  f u r th e r  developarant.
1 .  The tim e la g  i s  found to  be in v e rs ly  p ro p o rtio n a l to  th e  app lied  
ovaraboot v o lta g e , b u t due to  th e  poor waveshape o f  th e  p u is e r  an id e a l  
re c ta n g u la r  p u lse  i#  n o t ob tained  and no fU zther p re d ic tio n  <i^n be
made from th e  p re se n t d a ta .  The vavefozm o f  th e  p u is e r  I s  roved 
by  rewinding th e  traxisfozmer o r  u sing  th y ra tro n s  in s te a d  of  3 ^  :: Lc 
be th e  sw itching d ev ices .
2 . The k ly s tro n  frequency i s  dependant on t h e  o p e ra tin g  vo ltages 
and th e  ambient tem pera tu re , th e  d r i f t  o f  Idle k ly s tro n  frequéncy  should 
be s ta b i l iz e d .
The fu r th e r  wozk to  develop th e  te<dsilque under o th e r  o p e ra tin g  
co n d itio n  and to  re f in e  th e  technique a re  recommended as fo llow :
1 .  Bring v o ltag e  to  j u s t  under breaikdown and i r r a d ia t e  w ith  d  
and check breakdown speed.
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2 . In v e s t ig a te  th e  e f f e c t  o f  d i f f e r e n t  gases in  e l e c t r i c a l  
prebreakdown.
3 . In v e s t ig a te  th e  e f f e c t  o f  e le c tro d e  m a te r ia l  and c o n fig u ra tio n  
r e la te d  t o  th e  io n  v e lo c ity  in  th e  e le c t r i c a l  prebreakdown.
k. In v e s t ig a te  th e  e f f e c t  o f  p re s su re , th e  spacing between t |ie  
e le c tro d e s , and th e  p u r i ty  o f  medium r e la te d  t o  th e  io n  v e lo c ity  in  
th e  e l e c t r i c a l  prebreakdovn.
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AFFBDIZ
The opera ting  s te p s  o f  Bpectmm an a ly ze r
1 .  A djust th e  h o r iz o n ta l v e r t i c a l  g a in  p o s i t io n .  Focus
and b r ig h tn e ss  c o n tro ls  t o  o b ta in  a  sharp  b ase  l in e  on th e  CRT sc reen .
2 . A djust th e  v e r t i c a l  p o s i t io n  c o n tro l to  lo c a te  th e  b a se lia e  
on th e  CRT screen  d i r e c t ly  below th e  h o r iz o n ta l  l in e  e tched  w ith 
v e r t i c a l  marks on th e  CRT g r a t ic u le .
3 .  S e t th e  d isp e rs io n  8V t o  th e  h i ^  p o s i t io n .
R o ta te  th e  d isp e rs io n  c o n tro l f u l l y  c lockw ise.
5 . O ff a l l  IF  a tte n u a to r  DB sw itch .
6 . S e t th e  LOQ-FILTS-Lni sw itch  in  LZH.
7 . R o tate  bandwidth c o n tro l marlmum clockw ise.
8 . R o tate  th e  v e r t i c a l  g a in  c o n tro l to  o b ta in  approxim ately
1/ 8" o f  n o ise  on CRT sc ree n .
9* R otate  th e  m arker anÿLitude c o n tro l beyopd th e  o f f  p o s it io n  
i (c lo ck w ise ).
1 0 . R o ta te  th e  frequency d iffe re n c e  ICS tu rn in g  c o n tro l to  l in e  
iq> th e  0 mark. This opera tion  p lac es  th e  m arker p ip  a t  th e  e le p t r ic a l  
c e n te r  o f  th e  d isp la y .
11 . R o ta te  th e  c e n te r  frequency c o n tro l to  p o s it io n  th e  marker 
p ip  a t  th e  p h y s ic a l c e n te r  o f  th e  CRT d isp la y .
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1 2 . S et th e  SIBC flg .fyw » to  th e  o f f  p o s i t io n .
1 3 . S e t th e  sweep qpeed co o tzo l to  8 .
14 . B otate  th% a a ik e r  aapU tude  c o n tro l to  s e t  th e  h e ig h t o f  
th e  a a z k e r  p ip  a t  sppxoziB ately  th re e  in c h e s .
1 5 .  S e t th e  h an d se lec t sw itch  t o  th e  frequency range lAerm th e  
k ly s tro n  i s  o p e ra tin g , th en  hy tu rn in g  th e  d ia l  from l e f t  t o  r i ^ t ;  
two s ig n a ls  v iU  appear i n  th e  CBT sc re e n . B ote, idien th e  d i> l im res 
from l e f t  t o  r i ^ t ,  i f  th e  spectxton s ig n a l  moves a ls o  l e f t  t o  r i $ ^ t ,  
i t  in d ic a te s  th a t  th e  spectrum i s  th e  imag# o f  th e  s ig n a l ,  and i f  th e  
d ia l  moves from l e f t  t o  r ig h t  th e  spectrum  sRxves from r ig h t  to  l e f t ,  
them th e  spectrum i'p th e  s ig n a l .
